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I.

The law of psychophysical parallelism postulates that for every

mental state we may expect to find some correlated physical con-

comitant, the former to be looked upon as an effect of the latter.

In the search for the cause of mental disease, the attempt to demon-

strate the validity of this law may, in part at least, account for the

multitudinous works which have sought to find a definite physical

change standing in causal relation to psychotic manifestations.

In some instances the demonstration is easily made, but in most

cases, when we come to search for the genetic relation between the

disorder in the cerebral cortex, the necessary precursor of psychic

disturbance, and the morbid cause, the connection is found to be

quite indirect and extremely complicated. With organic disease,

such as brain tumors, and in certain injuries, we find we have to

deal with some of the rare conditions wherein mental disturbances

may be considered to be the effect of a cause acting directly and

exclusively on the brain itself.

Among other etiologic factors in the production of psychic abnor-

malities, the intoxications, as a class, hold a prominent position.

On account of this, with the quite recent advances in the develop-

ment of nearly all technical and analytical procedures, it is not

surprising that a great deal has centered in the hope that the

chemist not only would be able to reveal the origin and nature of

these intoxications, but might further show exactly in what

manner they were related to the disturbed mental functions of

which they were presumed to be the cause. More or less arbi-

trarily, intoxications have been characterized as exogenous or

endogenous, according to whether their source was from without
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and external to the organism, or internal, through some abnormality

produced within it and, under certain ill-defined conditions, per-

mitted to exert a deleterious action upon the economy. However,

it is well to bear in mind that these two great groups of toxic forces

do not always exert their influence separately, and it thus often

becomes a matter of problematical decision as to the exact point

where the action of the poison introduced from without ceases, and

a real internal intoxication, set up by chemical disturbances pro-

duced by exogenous agents, begins.

For a long time it has been a well recognized fact that many

substances introduced into the body are able to produce mental

abnormalities. Among such, alcohol probably is first in import-

ance, and all people are more or less familiar with various psychotic

states which are associated with the excessive ingestion of this

drug. Also, certain other drugs, such as morp�hine, cocaine,

hashish, etc., are capable of producing, in some individuals, dis-

orders in mental function and must be considered as etiologic

agents of the exogenous class. Moreover, aside from these psy-

chotic states which openly appear to be in direct relation to the

given intoxication, one must also take into consideration all those

other conditions in which disease of an organ or organs produces

disturbances of certain customary chemical relations and thus indi-

rectly perverts normal metabolic activities. In this class should

be included mental anomalies sometimes associated with nephritis

and diabetes, along with those commonly found when there is an

abnormal variation in the functionating of such g’ands as produce

an internal secretion. From the experiment in wl\ich Claude Ber-

nard showed that a lesion in a certain part of the floor of the fourth

ventricle would cause glycosuria, we know that the nervous sys-

tem, in some quite direct manner, may influence certain isolated

phases of metabolic activity.

Taking into consideration these facts-that abnormal mental

states may be produced by certain recognized exogenous agents,

such as alcohol and other drug into�xicants, where the mode of

action seems quite direct and apparent; that pathologic conditions

in certain organs may lead to the development of psychic disturb-

ances, as the uremia in renal diseases, where the association of

cause to effect is less obvious-it was not a great step to make to

reach the assumption that other mental disorders, the causation of
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which was less evident, might be due to toxic bodies elaborated

within the organism as the result of some metabolic disturbance

with the exact nature of which we are not yet acquainted. Here,

however, we meet with a discussion, the conduction of which has

led to the expression of many divergent opinions: Are the psychotic

symptoms, manifested in a given instance, the result or the cause

of the metabolic disorder? Such answers as we have to this ques-

tion have too often been given without sufficiently carefully pre-

pared facts to substantiate them. Fact and hypothesis have become

so mingled in the same menstruum that it is almost impossible to

precipitate the truth in the pure state for further analysis. So it

happens that whenever problems concerning the etiology of mental

disorders are brought up for consideration, the discussions abound

with such vague, indefinite and meaningless expressions as mal-

nutrition, autointoxication, exhaustion, toxins, etc., the only infer-

ence from which often seems to be that the user endeavors to postu-

late some hypothetical disturbance of the metabolic functions, in

the attempt to thus elucidate some point in etiology which, in his

scheme of causation, is still obviously obscure and wanting explana-

tion. That these are attempts not only associated with the modern

age of medicine, the humoral pathology of the ancients bears wit-

ness. And it is interesting, though not too encouraging, to note

that even to-day, when the bed of the stream seems to be changing,

when the hope until recently founded on pathologic anatomy ap-

pears to be shifting its basis to the foundations laid by psycho-

pathology, we find the adherents of the latter trend calling for the

aid of a “toxin” to supplement their psychogenic etiology of

dementia precox, and assuming a “disturbance of sexual met-

abolism” as an etiologic factor in the psychoneuroses.

Thus it may be seen that long ago those interested in the study

of psychiatry have sought to establish some relation, either as cause

or effect, between the occurence of metabolic anomalies, using the

term in its broadest sense, and mental disorders. Although biologic

chemistry, only comparatively recently having reached its present

stage of advancement, has succeeded in dissipating some of the

clouds upon the horizon, our knowledge of the intricacies of many

metabolic processes is still very far from complete. This statement

applies particularly to our knowledge of the disorders of meta-

bolism existing in certain diseased conditions, and preeminently
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in the insane. The reasons for the existence of these voids in our

understanding may be manifold. There are, however, two or three

which are definite and tangible. In the first place, many of our

current conceptions of the chemical changes occurring within the

organism in diseased states, have been derived from clinicians

using clinical methods. It is not meant to imply that by such means

many valuable facts have not been obtained which, if not final in

themselves, have indicated to the laboratory worker further and

more detailed, carefully executed, strictly controlled experimen-

tation. Those who are content to follow Bruce (i), who, in his

attempt to obtain evidence to support his claim that acute mania

is due to an intoxication, used the clinical ureometer of Doremus

to show that there are disturbances of metabolism in patients suf-

fering from this disease, will not offer much aid toward the solu-

tion of such intricate chemical difficulties as now confront us.

Secondly, although some very painstaking and careful researches

involving the metabolism of the insane as a class have been carried

out, these are, indeed, relatively few in number as compared with

the truly innumerable, inaccurate and incomplete attempts in this

field. As late as 1897, when Schaefer (2) collected and reviewed

the literature dealing with what might be considered metabolic

studies among the insane, he was able to say that none dealt with

metabolism as a whole, but considered only isolated features. This

state of affairs still obtained when, in 1904, Folin (3) published

the results of his several years’ study of the chemical processes in

insane individuals.

A third reason is that many of those who have attempted to

solve these problems, either in part or as a whole, have received

inadequate chemical instruction and are lacking in sufficient chemi-

cal knowledge and technical experience to attack such intricate

problems by methods which, even in the hands of expert bio-

chemists, are possibly not delicate enough or sufficiently advanced

to afford a solution of the difficulties.

Although these rather discouraging and perhaps somewhat pessi-

mistic introductory remarks may be calculated to engender in some

a tendency to agree with the one who has said that “chemists have

wearied of fishing in distilled water for the chemical cause of men-

tal disease,” it is possible that the tendency, if it does exist, may be

weakened by the hope which one equally great expressed, when
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discussing the relation of certain inorganic salts to nervous dis-

orders, that “we may one day discover an inorganic basis for the

functional psychoses.” There are still many who look toward the

newer chemistry for the solution of many of our mooted points,

and, although this expectation may be quite ill-founded, it surely

cannot be displaced until a vast amount of work, carefully taking

into consideration every detail, and using every available means

now at our disposal, and discovering others for solving certain

problems which are clearly open before us, has amassed a sufficient

amount of evidence to prove incontestably the untenability of the

position.

The enormous literature which has accumulated testifies to the

interest which has been shown in the past in the study of the met-

abolism of the insane. A critical review of every publication which

has appeared does not come within the cofines of this presentation,

and it is, moreover, doubtful if thereby any great gain would be

made. Possibly, after the somewhat stringent criticisms which

have been made of the older studies, it would seem a waste of time

to consider them at all, were it not for the fact that by such con-

sideration a conception may be obtained of the work which has

been done, the route which the steps of progress have traversed,

and the difficulties which have been met with and partially over-

come, and in the light of such knowledge one may be better

equipped to distinguish the path along which future work is to

proceed, and to understand more clearly the references concerning

certain disputed points which must inevitably recur now and again

during the further exposition of this subject.

Realizing the risk of repetition, it nevertheless seems best to

consider a number of apparently rather isolated features relating

to the chemistry of nervous and mental diseases which have re-

ceived a great deal of attention, and then, after this, to make an

attempt to correlate with each of the more clearly recognized types

of psychoses the more important of the facts which we possess

concerning the condition of the metabolic functions in those indi-

viduals suffering from such psychoses.

II.

The obviously manifested changes in the physical condition of

many patients suffering from some forms of mental and nervous
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disorders, early attracted attention toward the changes in body

weight. Physicians in attendance upon the insane soon began not

only to use the measurement of this outwardly visible variation in

the physical state as an indication of the progress of the mental

disorder, but also to base their prognoses upon fluctuations ob-

served in the weight curve. Although these coarse attempts to

establish a psychophysical parallelism, from the scientific viewpoint

of the investigator of metabolic problems, may appear as egre-

giously fallacious, nevertheless data of some value to the clinician

undoubtedly may be obtained in this crude manner. The weight

curve here is to be taken only as external evidence of the general

state of nutrition as a whole. It cannot by any means offer even

the most partial explanation for, or insight into, the intricacies

of the complex processes of anabolism and catabolism which are

occurring within the tissues of the organism. It is questionable if

measurements of body weight alone do more than make possible

the mathematical record of changes which can be appreciated only

approximately by the unaided eye.

Erlenmeyer (2) and Schulz (2) first called attention to these

changes in body weight. They believed that the course of the

malady could thereby be recognized. Nasse (2) thought that in

#{149}the acute, recoverable psychoses, a gain of weight was a favorable

sign, but he likewise was aware that transitions from acute to

chronic states might be accompanied by similar changes. F#{252}rst-

ner (2) very definitely stated that the weight curve varied directly

in proportion to the severity of the cerebral affection, but was not

related causally, either directly or always, with the nutritive or

motor condition of the patient. Stiff (2), Nasse (2) and others

noted an increase of weight during the excited, and a decrease dur-

ing the depressed, phase of manic depressive psychosis. These

changes they considered due to specific stimulation of metabolic

processes from the cortex. However, other observers have not

confirmed these findings, having determined that a rise or fall in

weight may occur irregularly with either state and entirely inde-

pendently of cerebral action, rather being but an expression of the

intensity of the psychosis and the degree of motor activity. The

question of the similarity of metabolic processes in the sane and

insane has been raised, and, like many others, not definitely settled.

It has been conjectured that the increased muscular activity in



1912] FRANCIS M. BARNES, JR. 437

excited patients, and, through it, the increased heat production,

may account for the marked decreases of weight. That these losses

in weight are due not solely to lack of sufficient quantities of

nourishment, food and water, is apparently indicated by the obser-

vations of Rosenfeld (�) on catatonics. Those catatonics studied by

Rosenfeld, though receiving an excess of food through the tube,

often, in the early stages of the disease, continued to lose weight

rapidly. These same patients, with the beginning of betterment

of their mental condition, gained weight on a diet of lower caloric

values than that on which they lost at an earlier period. Folin (3)

was inclined to think that the re�narkable changes in weight ob-

served in the insane might, to a large extent, to due to a dimished

or increased elimination of water through the lungs, or through

the skin. The determinations of body weight, such as have been

mentioned above, have mostly had to do with obviously extreme

variations from the normal. They only serve to indicate that such

changes are occurring. They fail to aid us in determining the

nature of the causes of these changes, much less in establishing

any more than hypothetical associations between them and the dis-

order in the cerebral cortex which manifests itself in the appear-

ance of abnormal psychic activities.

In connection with the consideration of the body weight, a few

words might be said here in relation to the energy consumption by

individuals suffering from nervous and mental disease. Here we

find that the insane do not differ in this respect from the normal,

and that this factor depends largely upon the activity of the mus-

cular system (5). It appears obvious, and experiments substantiate

the assumption, that decreased muscular activity would decrease

the energy consumption. The opposite of this does not, however,

hold good without some slight modification. In certain nervous

diseases wherein there occurs an increase of muscular activity, as

in paralysis agitans (5) and in epilepsy during a seizure, it is true

there is an increase for certain periods of the day, or for the time

covered by the convulsion. However, the total daily consumption,

other things. being equal, remains unchanged (5). In states of

continued hypermotor activity, however, an increase is noted. As

had been mentioned previously, in many cases the heat production

thus conditioned, may in part, at least, explain the loss in body

weight often observed. A more careful study of the heat-regula-
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tory apparatus in the insane might lead to a clearer understanding

of some of the unexplained variations in weight which occur. We

know, at least, that there does occur some disturbance in heat

regulation, either a retention or an over-production in cases of

paresis, for how else are we to explain the irregular febrile dis-

turbances which so frequently are observed in those patients who

suffer from this disease?

Bornstein (6) believes that in paresis and epilepsy we may have

to do with two types of disturbance of temperature. In the former

there occurs some disturbance of heat dissipations, i e., a retention,

whereas in the latter the rise in temperature is due to an over-

production associated with the muscular activity incident to the

convulsive seizure. Coleburn (7) believed that the disturbance of

heat regulation in paretics was of central origin, and that the

degeneration of the vasomotor nerves with their centers in the

medulla is probably in a large measure responsible for the loss of

power of normal regulation. This observer noted, too, that pare-

tics were much more readily subject to temperature variations than

were normal individuals. Although this elevation which he noted

could in many instances be explained by excitation in the central

nervous system, this in itself was not sufficient, and he concluded

that there were other factors involved concerning which our present

knowledge is incomplete.

It is a matter of almost daily clinical experience to have our

patients complain of subjective sensations of deranged conditions

in the stomach and intestines, and yet examination fails to reveal

any objective explanation for their occurrence. However, Pawlow

has shown that anomalies of secretomotor activity are to a degree

influenced by psychic processes. Similar anomalies are found

among the insane. Studies of secretory activities of those suffer-

ing from the various mental and nervous affections have been

limited closely to observing the behavior of the acid constituent of

the gastric juice. The results, however, have been widely diver-

gent, and although they may serve to show that variations in the

secretion of hydrochloric acid do occur, they absolutely fail to

demonstrate that there is any secretory anomaly characteristic of

any one form of psychosis.

So far we have considered gastro-intestinal disturbances possibly

resulting from a mental condition. Do we have, on the other hand,
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mental or nervous disorders which can be said to result from

abnormal gastro-intestinal conditions? That such is the case has

been claimed, and to disturbances in gastric function have been

attributed numerous abnormal mental states (Pl#{246}nies, 8). The

association in time of occurrence of the two is no uncommon obser-

vation; however, the same alimentary tract disorder is often seen

occurring in widely varying mental conditions. There is yet to be

described any one definite pathologic functional variation in the

gastro-intestinal system which may be looked upon as the sole

cause of an accompanying deviation from the normal in the sphere

of mental or nervous activities. Possibly it is from the fact that the

vast majority of all our patients show a varying degree of con-

stipation, that it has been argued that we have then, in these

instances, to do with an intoxication brought about secondarily as

a result of the retention and resorption of numerous intestinal

decomposition products, an autointoxication of gastro-intestinal

origin. But is not here the primary cause of this accumulation of

supposedly deleterious by-products, the constipation, which in it-

self may be, and probably is, no more than the physical manifesta-

tion of the want of central nervous system control of organic/

functions? Thus we argue in a circle. Further, one might ask,

what are these toxic substances? The answer is quite unsatisfac-

tory. Among others, indican has received the greatest share of the

blame as being a causative agent in the production of toxemias.

Also, other protein cleavage products and organic acids normally

produced during digestive processes have received their share of

attention. Further than these, speculative hypotheses formulated

in the study, and not from laboratory observation, point out the

nature of the toxic bodies. In short, so far as gastro-intestinal

conditions are concerned, we are not in possession of sufficiently

proven data to warrant the assumption that there exists any sub-

stance therein produced which in itself can be considered as the

causative agent in the origin of mental or nervous disorders.

Therefore, as yet, all this group, should they exist in actuality,

must continue to be looked upon merely as contributory and con-

comitant factors.

Through the relatively high content of phosphorus compounds

found in nervous tissues (9), it has long been supposed that the

study of the variations in the quantity of this element excreted

29
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would lead to valuable conclusions concerning metabolic changes

occurring within the central nervous system in states of health and

disease. The ancient conception that phosphorus was the sine qua

non of mental function has no doubt played an important role and

exerted a very definite influence upon the direction of approach

adopted by many investigators interested in the chemical expres-

sion of brain activities. The older works tended to show that there

was a direct relation of not only a qualitative but also a quantita-

tive nature existing between the phosphorus metabolized and mental

and nervous activity. In the light of our present knowledge of the

difficulties met with in determining the exact nature of the num-

erous interrelated influences which must be considered in studying

the question of phosphorus metabolism, it is easily seen that conclu-

sions drawn from work not giving due weight to these various

influences must needs be erroneous. It may be said now, so far

as there exists any evidence to the contrary, that there is no quanti-

tative relation existing between the degree of nerve or brain

activity and the amount of phosphorus metabolized. However,

since Feder (io) conclusively proved the untenability of this popu-

lar belief, many works have appeared endeavoring to point out such

a relation. Feder’s argument was simple. According to his figures

it would require that one-fourth of the entire brain must at times

be disintegrated in less than two hours if one was to explain by

the activity of nerve metabolism the varying nitrogen-phosphorus

ratios for different parts of the same day. More recently some

analyses of brain tissues by Koch (�) have shown how little the

phosphorus content is changed from the normal even in such

diseases of the brain as general paralysis, where we have at times

an enormous destruction of cerebral tissue.

An idea which one frequently sees expressed in the older text-

books on clinical diagnosis is that there is a disturbance of the

ratio of earthy to alkaline phosphates in certain disordered mental

states, that during mental activity the alkaline phosphates were

absorbed and the earthy excreted, so that in the urine, during such

mentally active periods, the first would be low and the latter high.

Mairet (2) also stated that in mania alkaline and earthy phosphates

were increased, whereas in melancholia the phosphates alone were

increased with a retention of the earthy phosphates. Such views

are interesting only in that they show the extreme attempts which
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have been made to correlate changes in phosphorus elimination with

mental states.
It is true that, at times, variations of the nitrogen-phosphorus

ratio are observed, but there are many other factors aside from

brain activity which may as easily explain these-such as changed

resorptive conditions in the gastro-intestinal tract and the degree of

muscular exertion. In connection with changes in the gastro-in-

testinal tract should be mentioned the phosphaturia which is so fre-

quently attributed to abnormal variations in the mental condition.

Peyer (2) spoke of this condition as a renal neurosis. He thought

that this “secretion neurosis,” as he termed it, arose reflexly

through the effect of renal nerves acting upon special glandular

cells, and that at the bottom of all would generally be found some

sexual anomaly, hysteria or neurasthenia. However, this condition

depends partly upon disturbances in the secretion of hydrochloric

acid in the stomach and partly upon certain resorptive changes in

the intestines, whereby the excretion of calcium and magnesium

in the urine is disturbed. The changed secretion of phosphates is

related closely with the degree of acidity of the urine (II). Pos-

sibly here one may be permitted to think that psychic processes

indirectly exert some influence on this, as Pawlow has shown that

such processes may influence quantitatively the degree of acidity

of the gastric juice. Yet at the present time we are not in posses-

sion of a sufficient quantity of exact observations relative to the

secretions of the intestinal glands which for an adequate solution

of this problem is necessary. Folin (12) advanced, as a working

hypothesis, the idea that in certain nervous states the system (nerve

tissues) for some reason is unable to assimilate (organize) a part

of the phosphorus absorbed from the digestive tract, and that this

is eliminated, thus increasing the total output.

In studying the effect of loss of sleep in normal individuals,

Sherman (13) showed that a marked loss could slightly increase

the phosphorus output. These increments of increase were not

much greater than the usually observed daily variations. Benedict

and Carpenter (14), after a long series of careful experiments in

which they sought to determine the effect of mental work upon

metabolism, were of the opinion that the results obtained did not

indicate that mental effort had a positive influence on metabolic

activity.
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From the foregoing statements the conclusion seems to be war-

ranted that the central nervous system, either in states of disease

or in health, exerts no direct influence upon the metabolism of

phosphorus.

III.

The many products of chemical activity within the tissues which

are eliminated from the body through the agency of the renal cells

have received a vast amount of attention in connection with studies

in metabolism. Although, as has already been pointed out, few

clinical methods of examination will suffice to carry on exact chemi-

cal studies, it is preeminently fitting at this place to remark that

the major portion of the studies of the urine have been made by

clinicians using methods devised for clinical purposes. The con-

ditions of the experiments have been generally unsuitable, the con-

duction of the work#{149}usually unscientific, and the conclusions drawn

from the results thus obtained often necessarily inaccurate. And

yet, provided these sources of error are arranged in one’s mind, as

it were, parallel with the results themselves, knowledge of some

value may be derived from their consideration.

These observations have to do largely with the occurrence in

the urine of bodies which are normally absent or, at least, present

in such small quantities or traces as to be considered negligible.

In other words, the observations are, to a degree, more qualitative

than quantitative. Among those pathologic constituents of the

urine which have received especial attention, various protein bodies,

particularly the albumins, stand in the first place. A transient

albuminuria occurs during the course of many mental and nervous

diseases, and may be either accidental or renal in nature. In a

great many psychoses, repeated examinations will occasionally

show a transitory albuminuria. This finding is not in any way

constant, nor even characteristic of the psychoses as a class, nor

of any one psychosis in particular. It is a common observation that

in delirium tremens, and in deliria of other causation, albumin is

\ frequently found in the urine in quantity varying from a trace to a

large amount. In the delirium associated with alcoholism, this

albuminuria is found to vary almost directly with the degree of

excitement. (In such cases, subsequently, the autopsy often shows

a normal kidney.) Some studies have indicated that the total fre-
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quency of the occurrence of albumin or casts is not great and no

definite or regular rule of variation in their appearance can be

formulated (i 5). Aside from all other controlling factors, they

are more often found by examinations made within the early days

of the patient’s residence in the hospital. Possibly within a few

days, or a week, after the initial examination is made, these abnor-

mal elements may have entirely disappeared. In some instances,

their disappearance accompanies some slight betterment in the

patient’s mental condition. As a rule, however, not even an approxi-

mately constant correlation between the patient’s condition and

their presence or absence can be determined. The changed con-

dition from the home surroundings to the routine, of hospital

r#{233}gime, with its attendant increased rest, attention and transition

of dietary measures, probably will help greatly in explaning this

change in the renal excretion. K#{246}ppen (�) likewise concluded

that this transitory albuminuria so aften noted could, in most cases,

be explained by other factors than specific influence of the central

nervous system, or changes in it during mental disorder. From all

data at hand it seems absolutely unwarranted to conclude that

albuminuria is any more common among the insane, as a class, than

it is in otherwise healthly persons. Rather is its occurrence to be

explained in any other way than by the interaction of psychic

factors.

To uric acid has been assigned the causation of nearly every ail-

ment to which the human system is subject. Since Haig’s work

in i888 those interested in psychiatry have not been slow to seize

upon uric acid, or certain chemical bodies nearly related to it, as

substances of paramount etiologic importance in the causation of

mental disorders. Here, too, as in many other instances, some have

#{149} been backward in giving up ideas which have been shown to be

poorly founded. Possibly the principal source of the error in the

conclusions drawn from the quantitative changes in the excretion

of uric acid has been in the failure to recognize the relative im-

portance of the exogenous and endogenous uric acid fractions.

For this reason in most experiments the quantity of nuclein bodies

#{149} ingested with the diet have not been calculated. As the most

definite relations existing between uric acid and mental or nervous

disorders have been developed in connection with studies upon

epilepsy, they will not be set forth until that disease is considered.
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Regarding the psychoses as a whole, Folin (3) found that the uric

acid component of the total urinary nitrogen, which under given

conditions, in normal individuals, varies within relatively narrow

limits, showed marked fluctuations in those persons suffering from

mental and nervous diseases. He was, however, unable to find any

point characteristic of a particular psychosis.

An opinion which seems to have gained considerable currency is

that disorders of carbohydrate metabolism are frequently noted in

those individuals who suffer from diseases of the central nervous

system. This may be true for certain disturbances, organic in

nature. However, for the functional psychoses the statement does

not equally hold good. According to Mohr (5), glycosuria is

found by far the most commonly in cases of traumatic diseases of

the brain, and in the traumatic neuroses. Next to these come the

focal diseases of the brain, and in the last place stand diseases of

the spinal cord and the functional neuroses. Traumatic glycosuria

may be produced, as in the experiment of Claude Bernard, by

stimulation of certain of the cervical and thoracic ganglia, by sec-

tion of the cord at the medulla, etc. Vascular disease (apoplexy)

or tumors may also produce a transient glycosuria. However,

aside from the lesion in the fourth ventricle, in man it seems to

make but little difference where in the brain the lesion is situated.

There are cases reported in sufficient number where the depend-

ence of the glycosuria upon the brain disorder appears clear, yet

no symptoms of focal disease are recognizable clinically and none

are found at autopsy. The value, then, of glycosuria as a sign of

focal lesion in the central nervous system is not great. Moreover,

the great majority of observations tend to show that glycosuria is

not connected directly with any one type or group of psychoses.

It has been noted to accompany states of excitement or depression,

in association with puerperal psychoses, with epilepsy, paresis,

tabes and manic depressive insanity in both excited and depressed

phases (I7).*

* In a series of over eight hundred observations made on the urine of

two hundred and forty patients, including individuals suffering from
practically all varieties of functional and organic psychoses, a reducing

substance was found in the urine of only two (zn). The first was an
individual suffering from true paranoia associated with diabetes mellitus
of years’ standing. The second was that of a young man suffering from
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Comparatively recently Schultz and Knauer (17) have carried

on some extensive observations concerning the metabolism of

carbohydrates in various forms of mental disease. Their most

common observation was that a glycosuria, often transient in

character, accompanied depressed and angst states. In those

patients where the glycosuria was more persistent, there appeared

a diminution of the sugar excretion coincidently with betterment in

the mental conditions. They further indicate that it is indifferent

whether the depression is primary or secondary in nature, or to

what disease type it belongs. Glycosuria was observed not only

in the depressed phase of manic depressive insanity, and in mel-

ancholia, but also in the depressions associated with imbecility,

dementia precox and paresis. Thus they agree that the glycosuria

is only of symptomatic value and cannot be considered as char-

acteristic of any one psychosis. The highest frequency of occur-

rence of glycosuria was noted in organic disease involving the

medulla (86%), and far lower in all otherwise located organic

nervous diseases (3%). Schultz and Knauer were of the opinion

that the glycosuria observed by them was not the cause, but the

result, of the mental state, 1. e., was of neurogenic origin. Gly-

cosuria seems to be a very common occurrence in delirium tremens,

Arndt (i8) finding it present in 30% of his cases.

From the importance which has been and still is attributed to

the supposed variations in the amount of indican occurring in the

urine of those suffering from mental disease, it becomes advisable

to dwell somewhat upon the consideration of this substance and

its possible relation to mental disorders. In the process of diges-

tion, from the cleavage of protein substances, there separates a

definite chemical product of known structural formula, indol, which

after oxidation is known as indoxyl. This latter substance after

conjugation with sulphuric acid is excreted in the urine as one of

a psychoneurosis. The body only partially reduced Fehling’s solution, and
its nature was not discovered, as the succeeding twenty-four hour speci-
men possessed no reducing action and subsequent examinations failed to
reveal its presence. It was thought that in this instance the reduction was
due to drugs which had been administered to produce sleep during the
preceding night. These observations were made with all due precautions
on twenty-four hour specimens of urine from patients where the diet
and condition during the period covered by the collection of the urine were
noted in each instance.
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the ethereal sulphates-indoxyl sulphuric acid or urinary indican.

Putrefactive processes in the small intestine give rise to the occur-

rence of the precursors of indican. Hence an increase in putre-

factive activity will occasion an increase of indican, other things

being equal. Under almost any condition, indican continues to be

excreted with the urine. Thus in starvation its source is from the

decomposition products of the protein portion of the secretion of

the intestinal epithelium. Among psychic disorders it is princi-

pally among the depressions of varied types that the indican has

been supposed to have shown important variation in quantity. In

this connection it is pertinent to recall that the process which favors

the production of indican, putrefaction, is in itself given more

opportunity to become active by the degree of constipation which

is such a frequent accompaniment of states of depression. How-

ever, that the constipation is not the sole cause is apparently shown

by the observation of Seige (19), who, in his study of a case of

manic depressive psychosis, saw an increased indicanuria associated

with every recurring depressed phase even when there occurred

a coincident diarrhea. On this account the elimination of the mdi-

can in the urine is by some thought to be controlled by the central

nervous system. Therefore, these speak of an indicanuria of cen-

tral origin. There is not as yet any sufficiently satisfactory proof

of this conception, and the question must be left unsettled. A great

many of the observations upon the indican excretion have been

made without sufficient control of the character of the food ingested

by the subject of the experiment. It is to be seen easily that, given

those conditions, mental depression and obstipation, under which

putrefaction is favored, the excretion of indican depends largely

upon the amount of protein bodies present in the intestinal tract.

There are, however, certain qualifications which prevent the exist-

ence of a direct ratio between these two factors. To illustrate the

effect of the nature of the food consumed upon the amount of mdi-

can excreted, I will refer to a metabolism study which I made some

time ago (2o). The patient, a well-nourished man, was subject to

repeated attacks, beginning with a very mild and transient excite-

ment passing over into a varying degree of stupor, lasting for

some days. During the period when this observation was made,

for the first week, he refused all nourishment. Coincidently the

indican rapidly disappeared from the urine. In the next week on
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a diet rich in nitrogen, indicanuria became very marked. Follow-

ing this on a nitrogen poor diet, the quantity of indican excreted

decreased, only to increase again on the nitrogen rich diet. No

regular association of the degree of constipation and excretion of

indican could be determined. Likewise, the changes in the amount

of indican eliminated were not directly related to the mental con-

dition, and, in this instance at least, the excretion seemed to be

principally dependent upon the character of the diet. I do not be-

lieve that we can conclude in view of our present knowledge that

the indican of the urine has any especial significance in relation to

mental or nervous diseases.

IV.

Although possibly a consideration of the blood and cerebrospinal

fluid does not exactly come within the limits of a discussion of the

chemistry of nervous and mental diseases, some mention of the

findings in these two fluids may not be out of place entirely at this

point.

Studies carried out with the blood fall naturally into three

groups: histological, chemical and physical. Our conclusions must

needs be drawn from many separate sources, for not one deals

with all the various questions which have been brought up regard-

ing the blood of the insane as a class.

Diseases of the nervous system may stand in very close relation

to those of the blood, because it is possible that the same agencies

which act deleteriously upon the blood may also exert an unfavor-

able influence upon the nervous system. Probably the best ex-

ample of the association of the two is to be found in the cord

changes seen in some cases of pernicious anemia. Whether in

this instance the effect of the blood disease is exerted directly upon

the nerve cells of the spinal cord, or whether the nerve element

injury is resultant upon secondary capillary hemorrhages, is not

to be decided with certainty. Yet it does seem quite probable that

blood diseases and nervous disorders sometimes originate upon a

common basis. Possibly the most obvious changes in the cir-

culatory system during mental disorder are to be noted in the dis-

turbances of the vasomotor system, causing changes in the normal

#{149} distribution of blood to certain parts. The cyanosis of the ex-

tremities in dementia precox will serve to illustrate this remark.
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In the various paralyses we have a somewhat clearer conception

of the manner of operation of the causes producing the change in

blood supply to the affected part. To these vasomotor disturb-

ances have been attributed the somewhat abnormal findings regard-

ing the formed elements and hemoglobin content of the blood in

hysterics and neurasthenics. Here, as in most psychoses, a mild

grade of anemia is generally to be found (Jacobi, 21; Mitchell,

22).

Concerning the histological elements of the blood as a whole, as

found in the insane, there seems to be a great disagreement of

opinions. Nearly all observers agree that there exists a varying

grade of anemia of the secondary type (Hittorf, 23; Lindsay, �;

MacPhail, 25; Winckler, 26), this largely dependent upon the

mode of life of the insane. Melvin (27) showed that this was more

pronounced in those patients living indoors, less so in those living

in tents, and practically absent in those who were employed in out

of door labor. Also, Melvin noted that a low red blood cell count

becomes gradually more pronounced with the continuance of resi-

dence in a hospital. Many observers have seemed to find an

increase in the red blood cells in paresis (Bodington, 28; Klippel

and Lefas, 29; Jelliffe, 30). More careful work indicates that this

is true only in the later stages and especially in fairly close asso-

ciation in time with convulsive seizures (31). In most excited

states, the report most frequently met with is an increase in the

number of erythrocytes. The cause for this is thought to be found

in the muscular exertion associated with the mental exaltation, and

the absence of motor activity in depressed states has likewise been

thought to be sufficient explanation for the lowering below normal

limits of the number of red cells per cubic millimeter (32). How-

ever, muscular activity alone is not adequate to explain these

variations, as the cell count does not parallel in some instances the

degree of motor activity � Without further mention, this

phase of the subject may be dismissed with the statement that we

have no reason to believe that any definite variation in the red

blood cells, either in number or form, has been found to be char-

acteristic of a particular psychosis.

With the leucocytes there may be some cause for believing that

we have certain variations associated with a given type of mental

disturbance. Yet we cannot from this assume that these variations
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are to be correlated directly either as cause or effect, with the

mental disorer, per Sc. Rather are both to be looked upon as evi-

dence of one and the same basal disorder of as yet unknown and

indefinite nature. Or perhaps the blood changes are to be consid-

ered as secondary to the general condition of health associated with

the mental disorder or directly dependent upon extrinsic or acci-

dental causation which in itself has no immediate relation with the

mental disease. In delirium tremens we have a mental disturbance

of toxic origin wherein the behavior of the leucocytes seems to be

fairly closely related to the phase of the disease. During the de-

lirium the total number of white blood cells is increased but sinks

rapidly after the “crisis sleep.” This total increase is not exten-

sive, but is definite. This is not wholly due to the accompanying

temperature changes, and experiments (34) have shown that

pyrexia in itself is not sufficient to cause a leucocytosis. During

the delirium the percentage numbers of the leucocytes vary in a

definite manner-the polymorphonuclears are high, and the mono-

nuclears low. The most definite and possibly characteristic rela-

tive change is seen in the eosinophile cells. These during the de-

lirium are much decreased or entirely absent. Elzholz (�5) who

made a careful study of the blood in delirium tremens, considered

the blood findings as characteristic of the disorder. In paresis

there is found an increase in the white blood cells, especially at the

time of the seizure (3i). Further, it has been shown (36) that

this increase, as also that found in certain other mental disorders

associated with convulsive seizures, is due to two factors. One, a

physiologic, is associated with the increased muscular activity, and

the second, a pathologic form, is dependent upon some concomitant

inflammatory reaction. There have been reported (28) variations

in the number of leucocytes in paretic.s in relation to the stage of

the disease, being somewhat uniformly increased in the second

stage, and decreasing in the third. In addition to these there are

further variations associated with the seizures. In tabes a few

observations have shown a relatively high number of eosinophilic

cells (Klippel and Lefas, 37; Sabrazes and Mathis, 38). In epi-

lepsy the blood findings have been absolutely discordant, and no

uniformity can be reached in the conclusions. Many observers

report no change, whereas others (39) have noted changes, gen-

erally an increase in the number of white blood cells. Particularly
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in association with the seizure have these changes been noted and

no doubt we may have to do here with a leucocytosis largely

dependent upon muscular activity. During the intervals between

attacks, an eosinophilia has been noted and observers (40) have

gone so far as to claim that this indicated the presence of a toxin.

The number of these cells were taken to measure the concentra-

tion of this toxin and by the necrobiosis they judged the potency

of this toxin. A leucocytosis may proceed or follow the epileptic

seizure or we may have a leucocytosis unaccompanied by a seizure,

thus showing that they are not always dependent upon each other

(�i). Berkley (�) is of the opinion that there is a characteristic

blood picture of dementia precox, particularly is this shown in the

changes in the relative number of the mononuclear forms, i. e., an

increase of these with a compensating decrease of the polymor-

phonuclears. He also believes that information of prognostic value

may be obtained from the blood examination-the outlook being

more favorable with a relatively high percentage of the smaller

mononuclear elements. An eosinophilia in dementia precox has

been observed (Purdum and Wells, 43; Lepine and Popoff, 44).

Of the hemoglobin content and the platelets little need be said.

In general the amount of hemoglobin parallels the number of

erythrocytes and variations in the direction of a decrease are gen-

erally observed under similar conditions as those wherein we find

a decrease in the red blood cells, i. e., a secondary anemia. Very

little work has been done with the study of the blood platelets in

the blood of the insane. Possibly they are increased in the manic

phase of manic depressive insanity, and also in excitements occur-

ring during the course of other mental disorders (45).

The chemical studies have dealt largely with the search for

abnormal substances or the pathologic increase or decrease of some

of its normal constituents, and have also taken into consideration

the degree of alkalinity. Various abnormal and supposedly toxic

substances have been reported as existing in the blood of individuals

suffering from various mental and nervous disturbances. Among

these we may mention an increased amount of fibrin in paresis;

substances increasing or decreasing the coagulation time (Besta,

46; Tommasi, 47; Turner, 48); lactic acid in the serum in a case

of myasthenic paralysis; ammonium carbamate in the blood of

epileptics, etc. Krainski (��) believed that epileptic seizures were
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due to an accumulation of ammonium carbamate in the blood, and

he advanced this finding to support his contention that this was

the toxic agent of causal effect in epilepsy. Most, if not all, of

these findings have received little confirmation, and, together with

the work of certain Italian observers regarding hematologic toxins,

must be accepted as of doubtful value and with the greatest reser-

vations.

Regarding physico-chemic studies, there is little of definite value

that has been learned. Changes in specific gravity and tonicity

(Agostini, 50; Tirelli, 51; Zilocchi, 52) have been noted to occur,

and at first have been heralded as of the greatest diagnostic portent.

However, multitudinous factors are capable of modifying these

observations before it is necessary to assume that the variations

are related in any way to a given mental disorder. The more

recent acquisition of knowledge concerning the laws governing

the behavior of the red blood cells in different solutions tends to

show that little reliance is to be placed upon the deductions formerly

drawn from experiments upon the tonicity of the blood serum in

mental diseases. Determinations of the alkalinity of the blood

(Lambranzi, 53; Pugh, 54; Schultz, 55) have likewise offered

no constant results which may be correlated with any particular

type of mental disorder.

When the mode of the origin of spinal fluid is recalled, it is

natural to suppose that in this there might be found substances

which result from diseased conditions in the central nervous sys-

tem. Especially in those diseases of the brain and cord where

there are anatomically demonstrable gross destructive lesions,

might it be expected that substances produced by such pathologic

processes would find their way into the cerebrospinal lymph. Ob-

servation has shown that to a degree such is the case. Since the

introduction of the examination of the spinal fluid obtained by

lumbar puncture as a diagnostic measure in diseases dependent upon

syphilitic infection, our knowledge of the chemistry of the spinal

fluid has been greatly augmented. Firstly, there was found the

pleocytosis and increased protein content which accompanied cer-

tain diseased states. With the advent of the Wassermann test the

work assumed a different trend. The attempt to discover some

#{149} factor which could explain the mechanism of this reaction led to

the study of more complex biochemic problems and directed atten-
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tion to hitherto little studied chemical substances. Among these

was lecithin. The widespread occurrence of this phospholipoid

throughout all cellular structures emphasized its possible import-

ance in physiologic processes, and the relatively great amount of it

found in nervous tissue indicated that it enjoyed some especial

role in connection with the functions of the central nervous system.

Its presence in the envelopes of the red blood cells assumes for it

a particular value in all hemolytic studies.* That lecithin exerts

some influence upon the metabolism in general is apparently shown

by the experiments of Yoshimoto (56) wherein it was found that

in certain lecithin feeding experiments, there occurred a retention

of nitrogen and sulphur by the organism. In reference to its

relation to diseases of the nervous system, several studies have

been made. Most of these have dealt with the metaluetic disorders

and further mention of the results will be reserved until these

diseases are considered.

In connection with lecithin, a few words may be said of cholin.

The relation of cholin to lecithin makes this consideration of some

interest. In the structural formula of lecithin it is seen that the

nitrogenous base cholin is substituted for one of the phosphoric

acid hydrogens, and thus with the breaking up of lecithin cholin is

liberated. Halliburton (6o) first reported the finding of cholin in

the cerebrospinal fluid in paresis and epilepsy. Donath (61) in

part confirmed the work and considered the substance as very

important in the production of epileptic seizures. The work of

Handelsman (62) showed that the conclusions had been based on

results obtained by unreliable methods and he could not confirm

them. Kinoshita (63) has recently demonstrated that cholin is

found in many body tissues and organs normally and cannot be

looked upon as a truly pathologic substance. Its toxicologic prop-

erties have probably been greatly overestimated. Gautrelet (64)

has pointed out that it exerts a depressant action upon the blood

pressure, thus antagonizing the effect of the chromaffine (adrenal)

* Although Overton’s conception of the constituents of the cell mem-

brane is not entirely a proven and accepted fact, it seems best to use

it here as the principally current opinion. Also, in view of the degree of

confusion existing at present concerning the exact chemistry of the lipoids,

the term lecithin is not quite specific, but includes a number of similar
bodies which are only recently being recognized.
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system. [It is interesting here to note that the adrenal contains

(12%), next to the brain (27%), the greatest quantity of lecithin

(Koch, 6�).]

A lesser degree of importance has been ascribed to cholesterin.

Pighini (66) has pointed out several interesting features concern-

ing its occurrence in the spinal fluid of persons suffering from

mental disorders. His studies were made on normal individuals,

alcoholics, and those suffering from paresis, dementia precox,

manic depressive insanity, epilepsy, and apoplectic dementia. Cho-

lesterin was found in the fluid of those suffering from dementia

precox, paresis and epilepsy only. As Pighini points out it is

possible that if more cases of the other disorders were studied, it

might also be found more frequently. Yet his work is sufficient to

show the comparative frequency of its occurrence in the spinal fluid

of the diseases mentioned. In paresis it was found in 88% of the

cases; in epilepsy in 66%; and in dementia procox 42.8%. It is

worthy to note, too, that the cholesterin is more frequently observed

and in greater quantities at the time when the disease is the most

active; for instance, in paresis, when the clinical observation

indicates the greatest degree of progress, in epilepsy when the

seizures are occurring with greater frequency and severity, and in

dementia precox during the earlier manifestations of the disorder,

i. e., in the first year. What the significance of cholesterin may

be is uncertain. It might be mentioned that Pighini considers that

the Wasscrmann reaction depends upon its presence.

Other elements which have received attention in the spinal fluid

are sodium chloride, phosphoric acid and total nitrogen. Little

information of definite character has been obtained. In diseases of

the nervous system (tabes, tabo-paresis, cerebral lues, cerebral

hemorrhages and tubercular meningitis), other than for a possibly

slight increase in total nitrogen in tubercular meningitis, nothing

characteristic has been found (Landau and Halpern, 67). The

phosphoric acid content of the cerebrospinal fluid has been deter-

mined in cases of delirium tremens, cerebral and congenital lues,

cerebral tumor, tubercular meningitis, uremia, idiopathic epilepsy,

tabes and paresis (Apelt and Schumm, 68). These observers were

unable to agree with Donath on the high content in paresis. Al-

though they admit that there seems to be some slight increase in

paresis, yet they believe that similar variations are as frequently
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met with in normal fluids. The quantitative demonstration of the

phosphoric acid content of the fluid in the conditions studied by

them led Apelt and Schumm to conclude that the results varied so

little in the different diseases that nothing of diagnostic value was

offered. It is interesting to note that twenty-four hours after

death the phosphoric acid is increased from three to ten fold (Apelt

and Schumm) and this may explain some results where this source

of error was not taken into consideration.

V.

The nature of the relation existing between the internal secre-

tion of certain glandular structures and the activites of the central

nervous system has given rise to much study and considerable

speculation. In the past it has been the custom to attribute various

anomalies of functions of the nerve tissue to changes in certain of

these glands. It is particularly true that this relationship has been

indicated in instances where there is some disturbance of the thy-

roid gland. Although within the last few years much information

has been obtained concerning the part played by the ductless

glands as a class, it is still too evident that our knowledge of their

influence upon mental and physical activities in general is far from

complete. It is quite probable that no one of these glands exerts

its influence singly. Rather do we find there are fairly good rea-

sons for supposing that the active principle of one either comple-

ments or antagonizes that of the other. The more recent work in

this field has been collected by Bauer (82), and from his paper it

is most evident that we have to do with a problem of extremely

intricate and complex character. Where previously, whenever a

disturbance in one of these glands was correlated with nervous

anomalies, one spoke vaguely of some nervous control, it is now

more the opinion that the effect is produced owing to some dis-

turbance of chemical processes within the gland in question.

Of this group of organs the thyroid system has received the

greatest amount of attention and, at least, is so far as we know, is

most closely associated with mental anomalies. Certain con-

ditions associated with thyreogenic disturbances are in many in-

stances not dissimilar to those existing in some mental diseases

where thyroid disorder is not apparent. Thus we know that under
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conditions where there exists a thyroid hypofunction, there are

found occasionally physical and, to a lesser degree, mental con-

comitants which outwardly bear some resemblance to dementia

precox-the myxedema with lethargy, indifference and stupidity.

It is the consensus of opinion that in cases of thyroid hypofunction

there is to be observed a marked decrease in the metabolic activity

of the organism in general. As will be pointed out more fully sub-

#{149} sequently, there have been made some observations which tend to

indicate that in dementia precox there occurs a diminution quan-

titatively in metabolic activities. What relations may exist be-

tween these analogies cannot as yet be stated. A great deal of

uncertainty and confusion of results has undoubtedly arisen because

the importance of the parathyroid bodies was not recognized until

within the past few years. Previously the effects of thyroidectomy

had frequently been complicated by the coincident removal of the

parathyroids. In instances where by chance the parathyroid bodies

had not been removed, the effects of excision of a portion of the

thyroid were entirely different. With the greater information con-

cerning the results of parathyroidectomy possible analogies have

been seen existing between tetany, epilepsy, and certain motor

disturbances in catatonia. The relation existing between certain

forms of tetany and disturbed parathyroid function has been shown

by MacCallum and Voegtlin (8�), who clearly demonstrated the

role of calcium salts in this condition. The importance of the

calcium ion in the normal contractility of muscular tissue has been

emphasized by Loeb. This relationship assumes a somewhat more

definite importance from the view-point of mental medicine, since

is has been shown (Bornstein and Stroman, 83) that in epilepsy

changes in the calcium metabolism may occur. Further, the giving

of calcium salts exerts a marked therapeutic effect upon the tetany

associated with parathyroidectomy. Similarly beneficial results

have not been observed in the treatment of epilepsy.

While our conclusions concerning the influence of the thyroid

system must be as yet of a speculative character, this is more

especially true when we take into consideration our knowledge of

the relations which may exist between the function of the nervous

system and other glands of this class-the adrenals, pituitary body,

etc. Study so far has done little more than offer hints of their

possible importance.

30



456 CHEMISTRY OF NERVOUS AND MENTAL DISEASES [Jan.

Interesting facts have been brought to light, but as yet the inter-

relating details have not been sufficiently clearly recognized to per-

mit of any degree of satisfactory correlation of data at hand.

General medicine is only in the beginning of an appreciation of the

undoubted pathologic potential which these glandular structures

possess through the agency of their internal secretions. The rela-

tion which they bear to mental disease is practically unknown, and

with this scant mention we will leave the subject.

VI.

DEMENTIA PRECOX.

Perhaps in the present day the tendency in some quarters to make

a diagnosis of dementia precox in so large a number of cases in

which symptoms of mental derangement have developed during the

period of adolescence, has led to the consideration in the first in-

stance of the metabolic processes occurring in these individuals.

Our knowledge of these processes, however, has not developed in

proportion to the apparent frequency in the occurrence of the

disease itself. Dementia precox not infrequently has been looked

upon as an example of a mental disturbance associated with which

there are metabolic disorders. The reasons for this assumption are

not, so far as can be determined at least, dependent so much upon

careful and adequate laboratory studies as upon general clinical

observation and deduction. The not uncommonly observed in-

crease in weight often paralleling the progressive mental deteriora-

tion offers gross evidence of the existence of some metabolic

change. Whether or not such changes are in any degree directly

associated, either as cause or result, with the changed mental

state, is far less certain and still remains an open question. As has

previously been pointed out, the older writers were not unfamilar

with these outward unfavorable prognostic features coupled with

gain in weight occurring in those suffering from a mental disorder

of chronic nature. Analogies were drawn between this condition

and that existing in cretinism, a disturbance in which there un-

doubtedly do exist metabolic anomalies. More recently we have

seen this analogy drawn upon strongly, and it has been claimed

that dementia precox itself, and particularly the catatonic variety

of this disease, depends upon disorders of function of the thyroid
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gland (u). The proof of this claim is as yet quite insufficient and

more evidence must be accumulated before it may be accepted.

Rosenfeld’s (�) observations on catatonics indicate that there is

some inability on the part of the body to utilize the ingested food

in the normal manner, so that in spite of an enormously increased

intake (forced by tube feeding) there would occur during the acute

#{149}phases of the disease an extensive drop in the weight curve. Dur-

ing the period of convalescence, moreover, on the same diet, the

weight would rapidly increase.

Folin’s (3) work, to which we must frequently refer, as it is the

most extensive chemical study yet made of the metabolism of the

insane, was unable to demonstrate any noteworthy variation of

metabolic processes in those suffering from dementia precox. It is

true that, in looking over the tables portraying the metabolism in

these cases, one does find many variations in this or that sub-

stance, but no regularity or constancy in this variation can pos-

sibly be discovered. This irregularity, which as Folin himself has

indicated, is more noticeable than is to be considered normal, be-

trays some generalized metabolic anomaly-the exact nature of

which still remains to be demonstrated. Others working along

similar lines have only substantiated Folin’s conclusions.

Bornstein (6) showed that in hebephrenia there was a quite

apparent and fairly constant diminution in the oxidative pro-

cesses which could not be accounted for solely by the age of the

individual. In relation to Bornstein’s work there is to be men-

tioned similar conclusions which have been derived from entirely

dissimilar methods of approach. Koch (69) has shown that in the

brain of the precox there is a variation in the neutral sulphur por-

tion which so far as is known is not observed in the normal brain

or that of those who suffer from some psychosis other than demen-

tia precox. Although there may be some uncertainty as to the full

meaning of this sulphur fraction, it is conceded that it represents

a less highly oxidized type. Further, this neutral sulphur has been

found (not regularly) increased in amount in the urine in cases

of dementia precox (Pighini 70). So far we are in possession of

these facts, their full meaning is yet to be discovered.

To summarize-it may be said that in dementia precox there is

evidence sufficient to indicate the existence of some abnormal

variation in metabolism, but that with our present knowledge we
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are unable to define either its relation to the mental disease, or the

extent of its activity.

MANIC DEPRESSIVE INSANITY.

Here we meet with a difficulty to some extent already encount-

ered in our considerations of dementia precox, namely, the uncer-

tainty of the diagnosis. On this account, too, some of the older

literature must be discarded almost entirely. As is true in other

mental disorders, where there are marked variations in the symp-

tomatology in the same individual, so in the manic depressive

psychosis the cyclic affect changes have attracted considerable

attention in the search for some correlated disturbance in chemical

processes. In the first instance, we have, in support of the view

that there do exist metabolic anomalies associated with this disease,

the not infrequent gross changes in the functions of certain groups

of organs. A frequent accompaniment of depressed states is con-

stipation, whether or not it is causal or secondary is not so clearly

recognized. The train of symptoms resulting from constipation

in a mentally normal individual are known-the general feeling of

depression and ill-being. An intoxication of gastro-intestinal ori-

gin is quite naturally proffered as an explanation of the origin of

these symptoms under such conditions. So much the more

so did it appear reasonable to conclude that there is a similar

causation for those abnormal mental states in which the depression

had assumed quite definitely pathologic proportions. In the search

for the substance which has been productive of these toxemias,

indican has come to occupy a position of choice. This substance,

as has been mentioned, was once supposed to originate solely as a

result of the putrefactive cleavage of the protein molecule in the

intestinal tract. In this light it came to be looked upon as an indi-

cator of the extent of such putrefactive processes. This idea the

majority of physiologists still hold. However, it has been shown

(7’) that the production of indol in the intestines and the excre-

tion of indican in the urine do not necessarily or always run paral-

lel. Variations in the amount of indican excreted have led to the

assumption that this was the substance to which the toxic agency

was to be attributed. Taubert (72) reported the case of a patient

suffering from manic depressive psychosis where, with the varying

affect changes, there were observed corresponding differences in
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the amount of indican excreted. The appearance of indicanuria

often preceded by two days the appearance of the manic phase

symptomatology, and Taubert found this so regular in occurrence

that he believed he could accurately predict by it the approach of a

period of excitement. The increase in the indoxyl-sulphate in the

urine was absent during the depressed phases. Taubert notes that

intestinal antiseptics (?) and a low nitrogen diet had no effect

on the amounts excreted. He concludes that this indicanuria is

of central or neurogenic origin and, further, that it and the excite-

ment find a common basis in the unknown cause of manic depres-

sive insanity. The case studied by Seige (73) is of interest here.

In his patient (manic depressive psychosis) rapidly alternating

phases of excitement and depression occurred, and associated with

each depressed phase there was found a marked increase in the
amount of indican excreted. Constipation was not present. Seige

with Taubert concluded that he had to do with an indicanuria of

central origin, i. e., neurogenic. From these two observations it is

apparent that there may be an indicanuria associated with certain

changes in the mental state. There is not sufficient reason to

accept the neurogenic conception of its causation. We may specu-

late as to why it occurred in one case always and only associated

with the excited period and in the other equally exclusively with

the depressed phase. No adequate explanation is at hand. There

are several cogent reasons why indican or indol cannot be accepted

as toxic agents instrumental in the production of manic depressive

insanity or as substances especially related to this disease in any

other way. In the first place indican possesses practically no toxic

action and indol but very slight. Secondly, it is not only in manic

depressive insanity that these changes have been noted. Indi-

canuria has also been frequently observed in epilepsy, paresis and

other types of mental disorder (Kauffmann, 74, 75; Folin, 3). In

a number of cases Folin’s tables show no variation in the amount

excreted which occurred with any degree of regularity in associa-

tion with changes in the mental states, nor was the quantity excreted

abnormal in comparison with that excreted by mentally normal

individuals on the same diet.

Another not infrequent observation tending to indicate some

disturbance of metabolism is the fluctuation in the weight curve

which occurs in patients suffering from manic depressive insanity.
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Your attention has been called to the changes in the general consid-

eration of variations in body weight noted in the psychoses as a

class. It is only necessary to repeat here that these changes do oc-

cur and that more recent work has tended to confirm these findings

without contributing anything additional to our understanding of

their relation to the mental disorder. Pf#{246}rringer (76) concluded

that the affect (excited) curve in circular insanity shows directly

proportional (accompanying) changes in the weight curve.

The rather comprehensive studies by Schultz and Knauer (17)

upon the carbohydrate metabolism in those suffering from mental

disorders have demonstrated some interesting facts. Their most

constant finding was that in patients suffering from depressive or

angst states there occurred a glycosuria, more often and inten-

sively associated with the latter. A further important observation

was that this glycosuria varied quantitatively with the changes in

the mental condition-with a betterment of the latter there occurred

a decrease or disappearance of the glycosuria. However, Schultz

and Knauer showed that it was a matter of indifference whether

the depression was primary or secondary or with what disease type

it was associated. Glycosuria was noted not only in the depressed

phases of manic depressive psychosis and “melancholia,” but also

in episodes of depression occurring in imbecility, dementia pre-

cox and general paralysis. It is seen then that though the gly-

cosuria occurs, it is to be considered of no more than symptomatic

value and not as characteristic of any one psychosis, occurring in

all depressed states irrespective of the underlying psychosis. The

nature of the mental relation seems from the above remarks to be

quite patent. Were it to be looked upon as a cause of the psychosis,

it would be fair to expect that it should occur in association with

the manic as well as the depressed phases. The entire evidence is

in favor of the assumption that glycosuria occurs secondarily and as

a result of the mental disturbance, in other words, it is to be con-

sidered of neurogenic origin.

The conclusion which may be drawn from these considerations is

that in manic depressive insanity there do occur certain disturbances

of metabolism, possibly indirectly resultant from the mental dis-

order, but that these disturbances cannot be considered as in any

way characteristic of this psychosis.
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EPILEPSY.

Among those diseases of the nervous system wherein attempts

have been made to demonstrate by chemical research some disorder,

epilepsy occupies the first place. There are several quite obvious

reasons why chemical studies have so frequently been made with

those suffering from this disease. The very striking clinical pic.�

ture of the disease, the sudden seizures which occur without out-

wardly apparent causation naturally attracted attention. The ab-

sence of a visible lesion demonstrable anatomically led to the as-

sumption that the causal factor in producing the attacks must reside

in some disturbance of tissue activity and analogies to other known

toxic conditions presenting somewhat similar clinical pictures

offered contributory evidence in support of this assumption. The

vast majority of all observations have dealt almost exclusively with

the one spectacular feature of the disease, the seizure. Repeated

attempts have been made to discover in the various body fluids,

and because of the ease principally in the urine and blood, some

abnormal substance or an increase in a normal one, which may be

looked upon as causative. Very few have studied the metabolism

of the epileptic organism during the interval between attacks. It

is only recently that such studies have been carried on, and it

is obvious that by these more extensive researches only are we to

hope for any exact understanding of a possible metabolic disorder

of which the convulsion is but a periodic manifestation.

In reference to the effect of the attack upon the metabolic pro-

cesses, one of the oldest observations is that the volume of urine

is increased. This common observation Rohde (77) was able to

confirm and further he noted that the subsequent oliguria exactly

compensated the previous polyuria. Albumin and casts have been

found in the urine after attacks and in instances where a renal

lesion could be eliminated with certainty. However, this is not a

constant urinary finding. Rohde was of the opinion that the post-

paroxysmal albuminuria found its cause in renal irritation pro-

yoked by substances excreted with the urine during the attack.

The albuminuria is generally of a quite transitory character, though

may persist for a day or two. Glycosuria has been noted, but it is

the general opinion that sugar in the urine is not in any way due to

epileptic processes.
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Although older observations tended to show that the chlorides of

the urine varied quantitatively from the normal amounts, more

recent work shows that this inorganic constituent both during the

intervals and the days of the attack evidences no variation from

the normal. So also the idea that there occurred some disturbance

of phosphorus metabolism associated with the seizure has failed

to be confirmed by subsequent work. Most uniformly it has been

reported that phosphates were increased following an attack,

but sufficient attention has not been given other factors which

influence phosphate excretion to make these results of any value.

In some instances (Rohde) variations in the gross protein met-

abolism have been noted-a disturbance of nitrogen-equilibrium.

This, however, is not constantly observed and its portent is of

secondary value so far as is known.

The relation of uric acid to epileptic attacks has received a great

deal of attention. The criticisms of uric acid studies made pre-

viously are well illustrated in the considerations of epilepsy. The

importance of distinguishing between endogenous, i. e., that which

has to do with tissues, and exogenous, or that which has to do with

foods, has commonly been quite overlooked. It has long been

observed that the nature of the diet in the epileptic seemed to bear

some direct relation to the number and possibly the severity of the

seizures. Rosanoff (78) has recently experimented upon the effect

of diet on the number of seizures. On a poor protein diet he found

the number of seizures less by 14% than had been with usual hos-

pital diet (approximately so called standard diet). Since the time

of Haig confirmation and denial of his work have been equally

frequent. Krainski (49) found a very evident disturbance in the

uric acid excretion, an increase directly after attack. Coincident

with this he found an increase in the quantity of ammonium car-

bamate in the blood and concluded that the attacks were due to

the toxic effect of this substance, which he considered a precursor

of uric acid-its increase being due to some synthetic disorder.

Mainzer (79) could determine no such constant relation between

seizures and uric acid excretion. On the day when the seizure

occurred there was an increase (slight) of uric acid excreted, but

also there was an increase, even greater, on days when no attack

occurred. Regarding Krainski’s experiments concerning the toxi-

city of the ammonium carbamate and its ability to reproduce epi-



1912] FRANCIS M. BARNES, JR. 463

leptiform seizures in rabbits, Mainzer shows that ten times the

amount of carbamate present in Krainski’s experiments is neces-

sary to produce the effects in a rabbit. #{149}Binswanger (8o) could

not substantiate Krainski’s claim of toxicity and Rohde could

not see that the amount of uric acid excreted is in any way related

to the severity of the seizure. Rohde did notice some disturbance

in the interval period which he explained by assuming a decreased

ability of the epileptic organism to utilize purin bodies. Rohde’s

attempts to explain the increased uric acid output as dependent

upon a coincident destruction of leucocytes, on the ground that he

found 14,000 to 15,000 leucocytes and a slightly increased phos-

phorus output, is to be accepted with some conservatism. Micro-

scopical evidences of deteriorating leucocytes is not sufficient to

show that they are destroyed in sufficient quantity to produce

changes in the urinary constituents of the nature in question.

Both Kauffmann (7�) and Rohde (�‘7) have noted a marked

increase in the acidity of the urine, both agreeing that this is

largely due to lactic acid and also to some other unidentified fatty

acid. Kauffmann postulates that attacks are due to an acidosis

dependent upon disturbances of carbohydrate metabolism, but the

experimental data upon which he bases this conclusion is entirely

insufficient and does not withstand criticism. He evidently con-

cluded that there was an increased acidity because of an increased

quantity of ammonia in an obviously decomposed urine! Bornstein

(81) from his respiratory experiments concluded that there was no

disturbance due to the epileptic constitution as such, but that due

to an attack there were variations in metabolism which indicated

variations characteristic of decreased oxidative processes.

Cholin has been more or less accepted as an agent in the produc-

tion of epileptic attacks since Halliburton’s announcement of its

occurrence in the cerebrospinal fluid in conditions where there was

destruction of nerve tissue. There is no adequate confirmation of

its importance in epilepsy. Pighini’s (66) findings in the cerebro-

spinal fluid of epileptics are interesting. Next to paresis, in this

disease he found cholesterin most frequently in the spinal fluid,

and also was able to note some definite relation between the amount

of cholesterin present and the severity and frequency of the epilep-

tic seizure.

Comparatively recent work regarding the relation (8z) of dis-
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turbed function of the parathyroid bodies to spasmophilic con-

ditions in general and to tetany in particular, has tended to show

that undoubtedly these glandular structures exerted some influence

upon calcium metabolism in such manner that disturbances of the

function of the nervous system were produced which directly

resulted in the abnormal motor manifestations. In epilepsy it has

been found (Bornstein and Stroman, 83), that during the seizure

there is a marked increase in the excretion of calcium and mag-

nesium in the urine associated with a very much slighter increase

in the phosphoric acid output. Following the attack there appears

to be a retention of all three of these elements. No explanation of

these changes, in so far as their relation to epilepsy is concerned,

has been offered. At least, the analogy is obvious.

In conclusion it may be said that in epilepsy there are indica-

tions of disturbances of metabolism, as seen in the variations in

oxidative processes, the disturbance of excretion of uric acid and

the cholesterin increase in the cerebrospinal fluid. However, the

exact nature of these disturbances and what definite relation they

may bear to the disease process must be left an open question.

PARESIS.

In general paralysis we meet with a disease in which there is

usually no difficulty in the diagnosis-at least when compared with

other mental disorders, such as dementia precox and manic depres-

sive insanity. In the consideration of the results this, then, is one

element of uncertainty which, to a degree being obviated, may

lessen the inaccuracies arising from unknowingly comparing dis-

similar states. Yet that this source of error cannot be disregarded

is very well shown in an instance reported by Folin (�) wherein

most extensive metabolism studies were carried out on a supposed

case of manic depressive psychosis, where the autopsy subsequently

showed lesions of paresis. Such possibilities of diagnostic error

have been diminished greatly by the present serologic and cytologic

examinations of the cerebrospinal fluid which are now in use.

Of the various agents which have been proposed as the causal

factors in the production of the paretic seizure, none have with-

stood analysis. In paretics variations in the weight are noticeable,

especially those gradual changes occurring as the disease process

progresses. In spite of the often excessive food intake, a gradual

loss of weight is not uncommonly observed. Also transient varia-
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tions in weight are to be noted as in other psychoses. Kauffmann

(74) believes that these find their explanation in the disturbance

of the water balance-the paretic organism is not able to retain

water. Nor can this loss of water be compensated by subcutaneous

infusions of salt solution. Glycosuria has been observed, but it

has not been shown that its occurrence bears any specific relation

to the disease process. Kauffmann found it associated with angst

states and this was more recently observed by Schultz and Knauer

(17). Albuminuria is a not infrequent accompaniment of the pare-

tic seizure, but that it has any significance other than that there

may be a coincident renal lesion, has not been demonstrated. Kauff-

man (74) was unable to demonstrate any distinct disturbance of

total protein metabolism in his studies other than slight variations

associated in time with occurrence of a seizure, and these were

not definite or constant.

Associated with the seizure Kauffmann noted variations in the

output of sulphur and phosphorus and more especially of the

neutral sulphur which he found to be greatly increased coincidently

with a decrease in the inorganic fraction. Variations from the

usual normal of the ratio of nitrogen-sulphur excretion were es-

pecially noted by Folin (i). So evident was this change that Folin

considered it “by no means impossible that the correct interpreta-

tion of the changed nitrogen-sulphate ratio in general paralysis will

be found in the existence of a quite profound metabolism disorder

involving an excessive destruction of body protein containing a

smaller percentage of sulphur than that of the diet.” Although

there were variations in this ratio more marked than in patients

suffering from other psychoses, the most noteworthy point was the

marked tendency toward a lowering which was noted in paretics.

However, subsequent work has appeared to show that this ap-

parently significant change is not constant, on the other hand, a

rather high ratio was obtained. It was thought that possibly the

duration of the disease might have some bearing on the findings,

as higher nitrogen-sulphur ratios were found in those cases wherein

the disease process was not only farther advanced in time, but

decidedly so clinically. Whatever the explanation for these varia-

tions may be, it certainly appears that a high nitrogen-sulphur

ratio often occurs in cases of general paresis and that the reverse of

this cannot be considered peculiarly indicative of this disease.
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The neutral sulphur was found to be high in the majority of

instances, while the ethereal suiphates were low-on one occasion

absent (84). Folin’s (3, II) observations on a paretic in whom

there occurred most marked and regularly alternating changes in

mental condition from day to day, “being one day little removed

from the normal, while quite disturbed on the other” is of interest.

Associated with the alternations of mental state there was a corres-

ponding, unmistakable periodicity in the elimination of phosphoric

acid through the kidneys, being excreted in greater quantity on the

nervous days. Folin did not regard this observation as more than

a “most striking illustration of the remarkable tendency on the

part of general paralysis to exhibit greater than normal fluctua-

tions in the urinary constituents.” These and other marked fluctua-

tions which this observer noted were thought to explain the con-

tradictory results in the earlier metabolism literature of paresis,

and also that although paresis may be essentially a metabolism

disorder, there is as yet insufficient proof.

Kauffmann from his experiments was inclined to the opinion

that there occurred in paresis some disturbance, a diminution of

oxidative processes, which occasioned an accumulation of

intermediate metabolic products which in turn acted as toxic agents.

This idea was not substantiated by Bornstein (6) who was able to

discover no disturbance in the normal respiratory quotient in pare-

sis. It must be admitted, however, that the difficulties met with in

the conduction of Bornstein’s experiments may have given rise to

conclusions which may not, as yet, be taken as final.

Pighini’s (66) observations of the spinal fluid showed that cho-

lesterin occurred in 88% of the cases of paresis. This finding is,

however, not qualitatively indicative or characteristic of paresis,

as this substance was likewise found in epilepsy and dementia pre-

cox; most frequently in paresis.

It was mentioned that considerable study has been devoted to

the behavior of the lipoidal substances, notably the lecithins, in

diseases of syphilitic origin. These observations are as yet far

from complete, and in view of the unsettled condition of our knowl-

edge concerning this whole group of substances it seems best to

simply record the facts without further comment. Peritz (57)

believes that the syphilitic “toxin” combines with lecithin to form

a toxolecithid which is excreted in the feces. As a result of this

removal of the available lecithin by syphilis, the organism becomes
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poor in it and, owing to this impoverishment, paresis and tabes

result In confirmation of his theory, he finds in syphilitics, tab-

etics and paretics a blood serum with a high lecithin content.

Further, associated with an increased excretion of lecithin in the

feces in metasyphilitic diseases, Peritz discovers a very marked

decrease of the normal amount of lecithin in the bone marrow in

these diseases. Glikin (58) also found that in paresis there occur-

red a decrease of lecithin in bone marrow, yet he was not certain

that this might not be explained largely by the age of the individual.

Koch (59) showed that in paresis, although there did occur some

decrease in the lecithin content of the brain, there was yet a rela-

tively sufficient supply remaining in the most severe destructive

processes, and he has further indicated that the nervous system

tends to keep its relative composition constant in pathologic states

more than any other tissues.

VII.

A rather incomplete survey of the chemistry of nervous and

mental diseases, such as has been given in the foregoing pages,

cannot pretend to exhaust our knowledge of the subject. As was

stated in the beginning an attempt has been made to consider briefly

some of the more important findings which have been recorded.

It is principally the results which have been dealt with, features

that are of greater interest to the clinician. The facts which have

been produced by the chemist, not the chemistry itself, are more of

immediate value to the psychiatrist.

It is found that we are in possession of a considerable number

of observations concerning metabolic processes and their relation

to the central nervous system. These, however, are mostly of a

quite negative character and at the present time we know of no

disturbance of nervous function which is regularly associated in

an unvarying manner with the chemical findings. In some in-

stances the indications are somewhat less obscure and, though, as

yet, the knowledge which may be derived from further observations

along similar lines is far from complete, still there is sufficient

accumulated evidence to authorize the continuance of further re-

search. What the more recent trend toward the study of tissue

chemistry will bring forth is still a matter of uncertainty. The

more generalized study of the nervous system from this point of

view is of quite recent origin and in its development is yet in the



468 CHEMISTRY OF NERVOUS AND MENTAL DISEASES [Jan.

stages of infancy. It would seem that from the older methods of

attacking the subject little more information is to be derived than

that there do occur rather commonly in those suffering from some

of the forms of mental and nervous disorders some more or less

widespread disturbance in the metabolic processes. These dis-

turbances are quite irregular and varying in their occurrence and

do not appear to be associated constantly with any one type of dis-

ease of the central nervous system. From this it is obvious that

those disturbed chemical activities which are observed cannot be

considered to be related either as cause or effect with any one type

of mental disease. In other words, we have by these methods

found no metabolic change characteristic of any one disorder of

the central nervous system.

Koch’s studies of the chemical composition of the brain in health

and disease have so far indicated that possibly by this method some

definite facts may be derived. His finding in the brain of those

suffering from dementia precox a variation in the amount of

neutral sulphur, coinciding as it does with the observations of

others working from different directions, seems to indicate that

in this disease there does occur rather constantly some disturb-

ance of chemical relationship. In the study of the chemical com-

position of nervous tissue the lipoidal substances are assuming a

position of rapidly increasing importance. We know almost too

little of the definite chemical nature of the members of this group

of substances to formulate accurate conceptions concerning their

possible importance in the nervous system, particularly with refer-

ence to what part they may play in conditions of disease. Work so

far has shown that there is some disturbance of lecithin metabolism

in paresis, and possibly also in other disorders dependent upon

luetic infection. A second field in which there seems to be great

promise is the study of the relationship obtaining between the

nervous system and internal secretions. Here, too, certain facts

have also been established, especially regarding the thyroid and

parathyroid glands. The association of a decreased function of the

former with myxedema and its coincident mental changes, and the

spasmophilias resultant upon a disturbed activity of the latter offer

indications of their physiologic importance in connection with the

proper functionating of the central nervous system. Results ob-

tained so far do not permit of satisfactorily complete explanation

at present of the manner by which these effects are meditated. Al-
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though an excellent subject for speculative possibilities, it is evident

that little is to be gained from such mental exercise.

In conclusion it may be said that chemical investigation of

nervous and mental diseases is progressing, to be sure slowly, in

a manner to justify the hope that by it we may, in the not far dis-

tant future, obtain such information as will aid in the more com-

plete understanding of the normal as well as the pathologic physi-

ology of this organ.
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